Abstract-The types of coal are multiplex in domestic small and medium sized boilers, and with unstable ingredients, the method of maintaining the amount of wind and coal supply in a fixed proportion of the wind adjustment does not always ensure the best economical boiler combustion process, the key of optimizing combustion is to modify reasonable proportion of wind and coal online. In this paper, a kind of fuzzy selfoptimizing control based on differential evolution algorithm is proposed, which applied in the power plant boiler system, the boiler combustion efficiency has been significantly improved than previous indirect control. In this paper, a thermal power plant is our research object, in the case of determining the optimum system performance, the unit efficiency can be increased significantly using this method, and the important issues of energy efficiency of power plants can be successfully solved.
I. INTRODUCTION
Boiler combustion control system is a nonlinear system, and with the characteristics of time-varying, noise disturbing, pure hysteresis, the experience of the operator can't be used with the conventional control methods. But in the process of the actual operation of the boiler, these experiences information is important. Optimal control of modern control theory is also difficult to be applied in the modelling of such systems. However, fuzzy control can be just applied to control the unknown or changing process for this kind of mathematical model [1] .Using fuzzy theory and fuzzy control method, the experience of the operator can be summed up. Moreover, a kind of fuzzy control strategy can be achieved using this fuzzy logic inference method.
In this paper, thermal power plant is our research object, the power plant is small, and it has three 12MW units, 3 sets of 150t/h coal-fired boiler. The self-optimizing simulation is used to find the best ratio of wind to coal, and combining differential evolution algorithm, the quantization factor y will be optimized, then fuzzy control technology is used to regulate the speed of blower speed and coal feeder, finally 3 boilers of the thermal power plant cogeneration combustion efficiency significantly will be improved than previous indirect control, which is agreed with our above analysis.
II. BOILER FUZZY SELF-OPTIMIZING CONTROL SYSTEM AND DIFFERENTIAL EVOLUTION ALGORITHM

A． PID fuzzy controller system
The error and error change rate between the amount transferred and the fixed value as input variables are always used in the general fuzzy controller; therefore, it has the similar effect with the conventional PD controller [2] . A good dynamic quality can be obtained using such fuzzy controller in control system. However, steady-state error of the amount transferred is difficult to eliminate. In order to eliminate the steady-state error of the control system, PID fuzzy control system can be used as shown in Fig1. In the figure, e and ė are respectively the error and error derivative. Conventional control table form is used for fuzzy control. Output control table need to be changed to the amount of actual control value through an output link, and then coupled to the controlled object to achieve the control. Commonly, the two ways of output link used are proportional output and integral output, the former has a fast step response characteristic, but it is error control; the latter can be close to the no error control, but with the slow response and the www.ijacsa.thesai.org overshoot is relatively large. The combination of both ways is used in the system, which have advantages of a small overshoot and short time transient.
Mathematical expression of PD-type fuzzy controller can be derived by algebraic product-addition-focus fuzzy inference method:
In formula (1), 
The above mentioned fuzzy controller have four adjustable parameters: quantify factors K 1 、 K 2 , scale factor p and integral coefficient Ki, increasing K 1 、K 2 , the resolution of the error can be improved, then the control accuracy is also improved. But if K 1 、K 2 are too big, it will bring unstable for the system [3] . Increasing p or Ki, response speed will increase, but which will lead to oscillate. Based on actual adjusted experience, the desirable value as , p i . When and are too larger, p and i should be decreased, and when the sampling period is longer, then and can be chosen larger.
B． Fuzzy self-optimizing controller in the ratio of wind to coal
In the boiler control, due to the amount of pulverized coal cannot be accurately measured online, so the excess air coefficient α is used to substitute β which represents the ratio of wind to coal volume, so ratio of wind to coal and α are equivalent. The ratio of actual air volume (V) and the theoretical air amount ( o ) is the excess air factor α. According to "Safety Engineering Dictionary", exhaust of the boiler is qualified when the excess air coefficient α is within the range of 1.15 to 1.25 of the thermal power plant [4] , in addition, the thermal efficiency is highest at this time. If excess air coefficient α is too large, excess air flue gas will take too much heat, increasing exhaust gas temperature will lead to heat loss increasing, at the same time, it will produce a large amount of x and x pollution; on the contrary, if α is too small, complete combustion of fuel cannot be guaranteed. Selecting the appropriate α is an important means to reduce boiler heat loss and improve thermal efficiency.
In this system, α is the seeking optimization index, if:
Start fuzzy self-optimizing search, when α is within the range of 1.15 to 1.25, indicates that the optimum working range has been found, and then optimization can be stopped.
Self-optimizing fuzzy controller works as follows: combustion coal as an index used to find the best ratio of wind to coal [5] with fuzzy self-optimizing controller. Increment of coal consumption △y will be measured at each sampling period, accord to △y and the optimization step of previous cycle to determinate the optimization step. △Y and △X are coal consumption and fuzzy linguistic variables of the steps. y is quantization factor of △y, which converts the fuzzy linguistic variables of coal consumption increment △Y to the actual value, x is scale factor, which convert the △X to actual value of the step. In practical applications, in order to ensure the stability of self-optimizing process, a stop link [6] is added. If the temperature of the furnace has a big fluctuation due to environment distribution, the search should be stopped to avoid malfunction.
Selecting △Y, △X respectively as 8 and 6 linguistic variables of fuzzy subsets is contained as follows:
△Y { B, M, , , P , P , PM, PB} △X { B, M, , P , PM, PB} NB, NM, NS, NO, PO, PS, PM, PB respectively denote negative big, negative medium, negative small, negative zero, positive zero, positive small, positive medium and positive big.
The fuzzy domain of △Y and △X are defined as 14 and 12 grades: www.ijacsa.thesai. org   Y α {-6,-5,-4,-,-,-,-0, +0, + , + , + , +4 ,+5,+6} X α {-6,-5,-4,-,-,-, + , + , + , +4, +5,+6} Self-optimizing search process control rules showed as in Table I .△X t-is the optimization step of previous cycle, △X t is the optimization step. Table II shows the rule table about fuzzy self-optimizing control in the ratio of wind to coal. -6 6 6 6 6 6 6 -6 -6 -6 -6 -6 -6 -5 6 6 6 6 6 6 -6 -6 -6 -6 -6 -6 - -6 -6 -6 -6 -6 -6 6 6 6 6 6 6 6 -6 -6 -6 -6 -6 -6 6 6 6 6 6 6
The search speed can be improved by increasing x and y , the value of x can also affect the loss of search, so y can be chosen based on the search speed requirements, x can be chosen according to the requirements of the loss of search. The differential evolution algorithm is added in the system to optimize the value of the quantization factor y , making the fuzzy value of incremental coal consumption can be conversed more precise to the actual value after each optimization, boiler efficiency ratio is improved significantly, and especially at low load.
C． Differential evolution algorithm
The basic idea of differential evolution algorithm is: the individuals of current population followed through mutation and crossover operation and produce tested individual, then, based on the greedy thoughts, the optimum individual is selected; thereby the new populations are generated. When in the process of t times iteration, the i-th population of individuals x i t (x i t ,x i t , ,x id t ),i , , p is a d-dimensional candidate solution vector, the individual with best fitness value of all individuals are denoted x best www.ijacsa.thesai.org individuals x i t+ , otherwise, x i t will be retained and become individual x i t+ of generation t+1.
When the fitness of x i t+ is better than the fitness of x best t+ , update x best t+ , make x best t+ x i t+ , and save the best fitness value fitness best . In this way, crossover, mutation and selection operations should be repeated, until the population optimal adaptation meet the pre-set threshold value or reach the maximum number of iterations. At this point the best fitness value corresponding to the individual is the optimal solution searched by DE algorithm for optimizing this problem. The system uses differential evolution algorithm to optimize quantitative factor y to improve the efficiency of the boiler system, especially in low-load operation.
III. EFFECT OF THIS SYSTEM AFTER APPLIED TO THE THERMAL POWER PLANT
A． Improvement of boiler efficiency
Boiler efficiency is the average in a certain statistical cycle, the average efficiency of a reference period is calculated as follows:
In formula (7), ∑ represents the standard steam production during the reference period; ∑ B represents the standard coal consumption during the reference period.
Fuzzy self-optimizing controller in the ratio of wind to coal is used in unit, the coal amount is fed back to input value, change the wind volume to change the ratio of wind to coal to achieve the high efficiency of the boiler, the simulation results shown in Figure 3 . In figure 3 , curve 1 is the boiler efficiency when manually adjusting the ratio of the wind to coal of the system, curve 2 is boiler efficiency after adding self-optimizing fuzzy control, and curve 3 is boiler efficiency after using differential evolution algorithm to optimize quantitative factors y . As seen from figure 3, when running with full capacity, boiler efficiency is improved as approximately 0.9% after using fuzzy selfoptimizing controller in the ratio of wind to coal than manual control, and incorporating the differential evolution algorithm into the boiler system, its efficiency can increased by approximately 0.2%, especially in low-load operation, efficiency is more significant.
B． Saving coal and emission reduction of the power
Restricted by detection technology and indirect control, improper wind supply often causes a substantial loss of heat or incomplete combustion of fuel. The best control system based on the current thermal power plants can only guarantee the energy conversion efficiency is generally about 35% [8] , it is already a very high conversion efficiency of burning calories, the average thermal efficiency of thermal power plants is about 32.5%, system efficiency can be increased by 1.1% when running with full capacity, so in this way we can get considerable energy savings.
Note: The standard coal calorific value calculated using 7000 Kcal / kg. The average heating ratio of thermal power plant is about 84.58%. It can be seen from Table III and Table IV , the energysaving effect is obvious after using the control method in this article.
Combining with fuzzy self-optimizing control method based on differential evolution algorithm in this article, the boiler combustion control technology is achieved, applied in the three 12MW units in the thermal power plant, its efficiency is increased by 1.1%, a boiler can save 957 tons of standard coal one year, so three units can save about 2,871 tons of standard coal in a year. This has a significant effect on energysaving，environmental protection, and reducing atmospheric dust pollution for the plant. www.ijacsa.thesai.org IV. CONCLUSION Fuzzy self-optimizing controller in the ratio of wind to coal is used in the unit with appropriate modification, the coal amount is fed back to the forward input value, and so that ventilation can rapidly changing with the amount of fuel changes, and the ratio of wind to coal can be controlled within an appropriate range.
Differential evolution algorithm combined with fuzzy selfoptimizing control system enables the boiler operation efficiency significantly improves especially in the situation of low load.
In the case of determining the optimal performance of the system, fuzzy control technology used to make the wind volume can quickly search for the best value, improve the thermal efficiency of the boiler, achieve the effect of economizer and efficiency, and the economics of the thermal power plant is improved greatly.
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